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A  scri**  of  four  oun  glint  Inngoo  takon  by  th«  crow  of  tho  opoea 
ahuttla  ChallaBgar»  niaaioa  STS  41-C,  on  8  Oetobar  1984  ware 
analyxad  and  conparad  to  HOAX-?  AVHRR  infrarad  inagaa  and  to 
bathythamographa  of  tha  aana  araa.  Svidanea  of  tha  Alnaria  Front,  a 
parsistant  oeaanographic  faatura  aaat  of  tha  Alboran  Baain,  waa  found  on 
all  thraa  data  aata,  and  tha  affieacy  of  uaing  sun  glint  inagaa  for  tha 
location  of  acoustically  iaportant  oeaanographic  faaturas  waa  supported. 
A  practical  usa  of  sun  glint  photographs  taken  froa  low  earth  orbit  was 
danonstratad  and  tha  investigation  of  its  usa  to  help  in  tha  aaploymant 
of  acoustic  sensors  is  further  Justified  by  this  work. 
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1.  IiriRODOCTION 


In  October  1984  the  space  shuttle  Challenger  (Mission  STS  41-G) 
carried  for  the  first  tine  a  dedicated  Navy  oceanographer,  Paul  Sculljr- 
Power,  into  space.  His  task  aaong  others  was  to  nore  fully  explore  the 
potentials  of  nanned,  orbital  resiote  sensing  of  the  world's  oceans. 
Although  renote  sensing  either  by  unnanned  satellite  or  manned  vehicles 
has  been  conducted  quite  vigorously  for  alnost  two  decades,  this  was  the 
first  tine  a  professional  oceanographer  was  afforded  the  opportunity  to 
study,  in  real  tine,  ocean  processes  fron  a  space  bom  platforn.  Since 
the  observer  was  part  of  the  renote  sensing  system  he  was  able,  within 
certain  linitatlons,  such  as  the  shuttle's  orbit,  to  determine  which 
features  to  study. 

An  important  aspect  of  the  mission  was  the  synergism  which  existed 
between  the  observer  and  the  shuttle  sensor  system.  Not  only  were 
photographic  cameras  and  the  Shuttle  Imaging  Radar  (SIR-B)  available  to 
record  features  of  interest  but  a  highly  trained  human  sensor  system  was 
as  well.  This  afforded  an  unprecedented  selectivity  and  correspondingly 
high  quality  and  quantity  of  information  to  be  gathered.  Hr.  Power's 
experience  confirmed  that  a  trained  observer  can  integrate  huge  amounts 
of  information  while  still  ulntalning  the  ability  to  discriminate 
extraordinary  detail.  For  instance,  under  some  conditions  of  flight 
geometry  and  solar  illumination  waves  breaking  on  shorelines  were 
clearly  discernible  [Ref.  1]. 
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Aaong  all  tha  data  ratxlavad  frea  tha  aiaalon,  soaa  of  tha  aoat 
atriklag  waa  tha  yialbla  raeord  of  tha  aaa  aurfaea  imdar  tha  condition 
of  aun  glint.  Thla  portion  of  tha  raeord,  whlla  not  unlqua  aa  a  aathod 
for  oeaan  atudy  [Raf.  2]  «aa  naw  In  that  aoaa  faaturaa  aueh  aa 
aobaaaoacala  fronta  and  addlaa  wara  found  to  ba  far  nora  ublqoltoua  and 
Intarconnactad  than  pravloualy  auapaetad  [Raf.  3].  Of  particular 
Intaraat  waa  tha  aun  glint  raeord  obtained  fron  the  Madltarranaan  Sea. 
For  aoat  of  tha  7  day  alaalon  auch  of  tha  Madltarranaan  waa  cloud  free 
thua  paralttlng  a  wonderful  opportunity  to  aaa  and  record  oceanographic 
proeaaaea  In  a  detailed  and  chronological  faahlon. 

During  STS  41-G,  a  nuaber  of  cooperative  exparlaanta  wara  parforaad 
utlllalng  the  ahuttla  and  its  capabllltlaa  along  with  slaultanaoua  In 
altu  data  collection  parforaad  by  earth  bound  aelentlata.  Naval  Ocean 
Raaaareh  and  Davalopaant  Activity  (NORDA)  Investigators  Paul  E.  La 
Violetta  and  Robert  A.  Amona,  who  .have  extensively  studied  western 
Mediterranean  oceanographic  features  [Ref.  4,5,6]  conducted  an 

experlaent  In  and  around  the  western  Mediterranean's  Alboran  Gyre. 
Their  work  Included  accurately  positioning  patterns  of  air  dropped 
expendable  bathythermographlc  buoys  (ARBT)  over  oceanographic  features 
in  the  western  Mediterranean.  Additionally  air  and  ship  born 
observations  were  gathered  to  help  characterise  the  complex  flow  and 
circulation  of  the  Alboran  Sea.  The  shuttle's  role  here  consisted  of 
conplenentlng  these  ground  truth  or  In  situ  neasurenents  with  a  remotely 
sensed  "picture"  of  this  dynamic  and  Important  area. 


A  very  Interesting  series  of  four  sun  glint  Images  of  the  waters 
Just  to  the  south  and  east  of  Spain's  Capo  de  Gata  were  taken  on  8 
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October*  They  arc  particularly  noteworthy  for  their  clarity  and  the 
conplexity  of  the  features  they  contain.  The  various  features  resolved 
include  ship  wakes,  subaesoscale  fronts  and  eddies,  internal  waves, 
frontal  shearing,  and  sea  state*  The  area  resolved  consists  of  an 
approxiaately  40  nautical  ails  (n*a*)  swath  starting  at  Capo  de  Gata  and 
running  110  n*a*  east  southeast*  This  visible  photographic  record 
includes  the  Alaaria  Front,  a  feature  of  ongoing  interest  to  La 
Violetta  and  Amonc  and  now  part  of  an  extended  study  called  the  Western 
Mediterranean  Circulation  Experiaent  (WMCE)  [Ref.  7]. 

The  Alaaria  Front  la  a  permanent,  albeit  variable,  oceanographic 
feature  of  the  area  Just  as  the  Alboran  Gyre  is  to  the  west.  On  10 
October  1984,  La  Violetta  and  Arnone  placed  a  pattern  of  49  AXBTs  in  the 
vicinity  of  the  Alaaria  Front  and  recorded  subsurface  teaperature 
profiles  which  resulted  in  at  least  a  partial  characterization  of  the 
feature  in  three  diaenslons.  The  two  records,  that  from  STS  41-G  and 
the  AEBT  teaperature  profiles  present  an  interesting  opportunity  to 
exaaine  the  oceanography  of  the  area*  They  are  teaporally  separated  by 
two  days*  However,  correlation  was  still  possible.  The  NOAA-7  AVHRR 
satellite  infrared  record  spans  the  tine  period  and  its  correlation 
with  western  Mediterranean  circulation  has  been  established  [Ref. 
4, 5, 6, 8].  Some  natural  questions  arise  from  reviewing  the  data  such  as; 
are  the  surface  structures  observed  in  the  sun  glint  images  correlated 
with  underlying  subsurface  dynamics?  And  are  the  oceanographic  features 
inaged  acoustically  significant? 

At  present  the  relationship  between  the  highly  detailed  surface 
structure  as  seen  in  these  sun  glint  pictures  and  the  underlying 


acoustical  amrlroiiaant  la  unclear.  Also  a  apaciflc  correlation  study  of 
infrared  isMges  taken  fron  NOAA-7  with  this  son  glint  record  has  not 
bean  parfomad.  It  is  tha  intant  of  this  papar  to  show  that  a 
correlation  exists  between  the  sun  glint  inages  taken  on  STS  41-G 
and  the  infrared  inages  obtained  fron  the  NOAA-7  AVHRR.  Furthemore, 
that  sun  glint  inages  can  infer  acoustically  inportant  infomation  which 
can  ultinately  be  tactically  useful. 


II.  WESTERN  MEDITERRANEAN  OCEANOGRAPHIC  OVERVIEW 


A.  BATHYMETRY 

This  psrt  of  the  Medlterreneen  is  demarcated  on  the  west  by  the 
Strait  of  Gibraltar  and  in  the  east  "by  a  line  Joining  Capo  de  Gata, 
Spain  (2*  W),  and  Cape  Fegato,  Algeria  (1*  W)”  [Ref.  8:  p.  A-3].  The 
major  basin  of  the  region  is  the  Alboran  Basin  centered  approximately  at 
36*  North  and  A*  West,  position  A  (see  Fig.  1).  A  lesser  basin  north 
of  Cape  Tres  Forces  is  not  as  deep  or  large,  position  B.  Separating  the 
two  is  a  system  of  ridges  and  banks,  including  the  Isle  de  Alboran, 
position  C,  which  lies  in  a  southwest  to  northeast  line.  Both  basins 
are  marked  by  very  steep  coastal  slopes.  The  submarine  topography  south 
of  Capo  de  Gata  consists  of  a  rapidly  descending  slope  which  levels  out 
to  about  1000  fathoms  until  36*  North  where  a  steep  ascending  slope  is 
encountered  and  the  depth  is  reduced  by  half. 
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B.  WESTERN  MEDITERRANEAN  SURFACE  CIRCULATION 

The  predoalnent  clrculetory  feature  here  is  the  Alboren  Gyre, 
position  1  (see  Fig.  2).  This  Is  formed  by  relatively  cool  and  less 
salty  North  Atlantic  water  entering  through  the  Strait  of  Gibraltar 
hugging  the  Spanish  coast  until  at  about  4*  West  were  it  splits  and  a 
large  shallow  tongue  of  It  flows  south  then  west  at  Cape  Tres  Forces, 
l.e.,  clockwise,  to  form  what  Is  the  Alboren  Gyre.  That  part  of  the 
Inflow  which  does  not  flow  west  turns  east  and  follows  the  North  African 
coastline  as  the  African  Current,  position  2. 

The  Alboren  Gyre  Is  an  antlcyclonlc  mesoscale  oceanographic  feature, 
approximately  80-120  km  In  diameter,  where  relatively  cool  low  salinity 
water  surrounds  a  deeper  bowl  of  warm  Mediterranean  water  [Ref. 

8:  p.  1  •  1]. 


Figure  2  Western  Mediterranean  Surface  Circulation  Sketch 


Soaa  of  th«  North  Atlantic  water  does  not  flow  south  to  fora  the 
gyv,  but  continues  east  along  the  Spanish  coast  until  reaching  the 
eastern  Alboran  Basin.  Near  Capo  de  Gatat  most  of  the  rest  of  this 
Inflow  diverts  south  and  becomes  known  as  the  Almaria  Front,  position  3* 
This  Jet  of  relatively  cool,  low  salinity  water  often  separates  the 
Eastern  Alboran  Basin  to  the  west  and  the  Algerian  Basin  to  the  east. 
Satellite  infrared  Images  of  the  region  show  this  feature 
consistently. 

It  is  the  high  rate  of  evaporation  of  the  Mediterranean,  especially 
in  the  east,  which  drives  the  North  Atlantic's  Inflow  or  replacement 
action.  Also,  as  evaporation  occurs,  the  resulting  higher  salinity  water 
sinks  and  eventually  "seeks  its  own  level."  It  accomplishes  this  by 
flowing  west  over  the  sill  at  Gibralter  and  out  into  the  North  Atlantic; 
also  driving  replacement.  (Ref.  4:  p.  1]  Other  important  forces  which 
impact  on  the  circulation  include  submarine  topography,  tidal  Influence, 
atmospheric  pressure,  wind  and  geostrophic  effect  [Ref.  9]. 


III.  DATA  DESCRIPTION 


Th«  data  s«t  fox  this  thssis  consists  of  three  Independently 
acquired  "neasurenentSy''  the  shuttle  sun  glint  laages  taken  on  8 
October,  AXBT  thenal  profiles  neasured  on  10  October,  and  Infrared  <[IR} 
laages  fxoa  the  NOAA-7  AVHRR  satellite  uhlch  span  the  period. 

A.  SHUTTLE  IMAGES 

The  extraordinary  resolution  found  In  these  laages  Is  a  result  of 
the  aechanlsa  which  produces  sun  glint  or  glitter.  Briefly,  the  sun  as 
an  lllualnator  produces  a  broad  spectrua  of  radiation  Including  the 
visible  band.  The  Inherent  reflectance  of  the  sea  surface,  the  angle 
of  Incidence  of  the  radiation,  and  Its  wavelength  as  well  as  the 
observers  position  deteralne  the  Intensity  and  confomatlon  of  the 
reflection.  The  angles  of  Incidence  and  reflectance  of  the  solar 
radiation  aust  be  slallar  In  order  . to  aaxlalse  the  . effect.  As  long  as 
the  geoaetry  of  the  sun,  sensor,  and  surface  are  correct  and  little  or 
no  Intervening  filters  exist,  such  as  clouds  or  fog,  sun  glint 
reflections  can  provide  aaazlng  detail  of  sea  surface  structure.  Care 
aust  be  taken  In  sun  glint  laage  analysis,  though,  because  a  radical 
change  In  brightness  polarity  can  result  as  one  moves  In  and  out  of  the 
sun's  specular  reflection.  For  Instance  a  very  smooth  sea  surface  will 
appear  as  a  bright  patch  If  It  lies  within  the  specular  reflection  of 
the  sun;  under  Ideal  conditions  the  sun  would  appear  distinctly  as  a 
bright  ball.  Conversely  this  sane  surface  will  appear  dark  as  It  Is 
viewed  away  from  the  sun's  specular  reflection.  Another  Important  point 


Is  that  as  a  surface  is  vlawad  farther  away  froa  the  specular  point 
steeper  angles  of  reflection  are  required  to  produce  glitter*  In  other 
wordSt  waves  with  steeper  slopes  are  required  to  produce  an  apparent 

reflection  as  one  aoves  away  froa  the  specular  point.  This  phenoaena  of 

glitter  has  also  been  observed  resulting  froa  lunar  illuaination 
[Ref.  It  p.  13].  For  a  aore  complete  treatise  of  this  subject  including 
the  interaction  of  sea  surface  temperature  and  adjacent  atmospheric 
temperature  see  Reference  2. 

The  sun  glint  series  studied  consisted  of  images  S17  38  79  through 
S17  38  82.  They  were  taken  with  a  NASA-modified  Hasselblad  camera 

equipped  with  a  250mm.  lens  using  Kodak  Ektachrome  64  Professional  5017 
(color)  film  at  an  altitude  of  125  n.m.  [Ref.  10].  The  first  in  the 

series  contains  Capo  de  Gata  (see  Fig.  4)  in  the  upper  left  hand  comer, 

an  easily  located  geographical  reference  [Ref.  lOi  p.  A-19] .  This  image, 
as  well  as  the  others,  has  at  least  12  relic  ship  wakes  which  run  almost 
parallel  to  lines  of  latitude.  Other  features  such  as  submesoscale 
fronts  and  eddies,  and  surface  film  convergences  permit  the  series  to  be 
easily  and  confidently  mated  to  form  a  continuous,  highly  detailed 
picture  of  a  large  swath  of  water.  Thus  the  first  problem  of  locating 
this  record  geographically  is  relatively  easy,  but  to  digitally  correct 
it  to  a  Mercator  projection  is  extremely  difficult  and  unreliable  since 
only  one  ssiall  comer  of  the  composite  image  has  land  which  can  be  used 
as  a  reference  in  a  registering  process;  and  although  the  shuttle's 
nadir  position  is  known  the  angle  of  the  caaera's  lens  relative  to  the 
field  of  view  was  not  recorded.  The  camera  was  hand  held.  All  four 
images  have  a  resolution  of  less  than  a  kilometer. 
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B.  SUN  GLINT  IMAGE  ANALYSIS 

In  spit*  of  the  obvious  leek  of  herd  quentitstive  seeling  end 
positionel  dete  for  the  sun  glint  series,  son*  inprovenent  in  enelysis 
wes  scconplished.  The  nedir  position  of  the  shuttle  wes  knoun  to  within 
six  minutes  of  e  degree  for  eeeh  tine  en  imsge  wes  teken  (Ref. 
lOt  p.  A-2].  The  shuttle's  eltitude  of  125  n.n.  end  the  direction  of 
the  field  of  view  from  the  shuttle  wes  elso  known  [Ref.  10:  p.  A-19]. 
In  freme  79  the  geogrephicel  reference  point  Cepo  de  Gets  is  visible 
(see  Fig.  4).  By  plotting  its  position  end  the  nedir  position  of  the 
shuttle  et  the  time  the  photogreph  wes  teken  on  e  n’evigetionel  chert,  e 
distence  of  128  n.m.  wes  meesured  between  the  two  points.  By  computing 
the  ere  tengent  of  128  n.n./125  n.n.  e  tilt  engle  of  45.7*  wes 
epproxineted  for  the  cemers  lens.  Two  simplificetions  were  mede.  Eerth 
curve ture  wes  ignored  end  the  reference  point  used,  Cepo  de  Get*,  wes 
not  the  center  point  of  the  imege.  By  expending  and  contracting  the 
distence  entered  in  the  calculation,  i.e.,  to  assess  error,  e  plus  or 
minus  2*  accuracy  wes  assigned  to  the  tilt  angle  result.  The  45.7*  tilt 
angle  comperes  favorably,  with  respect  to  sun  glint  opportunity,  with 
the  recorded  sun  elevetion  angle  of  41*  at  shuttle  nedir  for  this  series 
of  images  (Ref.  10:  p.  A-19].  Tilt  engle  end  mission  eltitude  ere  .the 
entering  arguments  for  e  ground  distance  nomogram  provided  by  the 
SHUTTLE  EARTH  OBSERVATION  PROJECT  Johnson  Space  Center.  The  result  from 
the  nomogram  which  is  specific  for  the  Hesselbled  250  m.m.  lens  wes  a 
ground  distence  parallel  to  orbit  track  of  forty  n.m.,  with  an  error  of 
plus  or  minus  2  n.m.  based  on  the  previously  computed  tilt  engle  error. 


'W. 


As  •••uaptlon  can  be  sada  that  tha  rartical  adgaa  of  tha  sun  glint 
Inagas*  as  nountad  In  this  woxk»  ara  parallal  to  tha  orbit  track.  This 
is  supported  by  alignnant  of  tha  inagas  to  Capo  da  Gate  and  the 
shuttle's  orbit  plotted  on  a  navigational  chart  (sea  Pig.  3)  [Raf  11]. 
This  results  in  each  inch  on  tha  photograph  being  equivalent  to  5.3  n.n. 
in  the  vertical.  A  second  nonogran  was  entered  for  the  sealing  in  the 
direction  along  tha  principal  line  of  view  for  the  image  or 
perpendicular  to  the  orbital  track.  This  was  also  supplied  by  the 
Johnson  Space  Center.  Scaling  in  the  horisontal  direction  was  computed 
to  be  6.7  n.m.  per  inch.  Since  the  series,  when  mated  to  form  a  mosaic, 
resolves  a  swath  of  watar  in  a  pattam  similar  to  the  shuttle  ground 
track  and  ainea  all  four  images  were  taken  in  a  fifteen  second  interval 
it  is  raasonable  to  assume  that  the  photographic  geometry  was  nearly  the 
same  for  every  image  in  the  series.  Additionally,  the  sun's  specular 
reflection  is  evident  on  three  of  the  four  sun  glint  images.  Hence, 
tilt  angle  of  the  camera  lens  must  be  nearly  equal  to  the  sun's  angle 
of  incidence.  Since  the  field  of  view  is  displaced  128  n.n  southwest  of 
the  shuttle  nadir,  the  tilt  angle  must  be  somewhat  greater  than  41*. 
The  computed  tilt  angle  of  45.7*  is  then  consistent  with  the  record. 
The  accuracy  of  the  scaling  was  substantiated  by  compering  the  extreme 
dimension  of  the  land  mass,  as  determined  from  the  scales  on  Figure  4, 
with  its  charted  dimension  end  close  agreement,  within  one  n.m.,  was 
found. 


Frame  79  was  taken  at  13:12:52  Greenwich  Mean  Time  (GMT)  or  one  hour 
before  local  apparent  noon.  The  frame's  center  right  is  dominated  by 


th«  sun's  spseulsr  rsflsetlon  (ses  Fig.  4).  In  ths  uppsr  Isft  hsnd 
cornsr  Spain's  Capo  ds  Gsts  is  sssn  vlth  sons  Intsrnsl  wares  apparent 
Just  off  the  coast. 

The  upper  right  hend  comer  is  eharaeterised  by  large  blue  regions 
which  indicates  a  paucity  of  waves  with  the  correct  slopes  to  reflect 
the  sun  as  glitter.  This  conclusion  is  also  supported  by  the 
extraordinary  ship's  Kalvln  wake  seen  in  this  part  of  the  inage.  The 
interaction  of  the  wake  with  the  local  wave  pattern  has  resulted  in 
favorable  sun  and  wave  slope  presentations.  Farther  south ,  a  textural 
change  is  apparent  on  the  sea  surface  indicating  a  change  in  specular 
reflectance  intensity  of  this  part  of  the  sea.  The  nost  inposing 
oceanographic  feature  of  frane  79  is  the  cyclonic  subnesoscale  gyre» 
position  A«  centered  approxlnately  thirty  n.n.  southeast  of  Capo  de 
6a ta;  ship's  wakes  and  surface  filn  convergence  patterns  enhance  its 
visualisation.  Across  nost  of  the  southern  edge  of  the  photograph  a 
textural  discontinuity  is  evident.  Position  B  exhibits  a  different 
texture,  fron  water  north  and  south,  and  may  represent  a  relative  change 
in  weter.  characteristics.  Although  not  well  imaged  in  this  frame  a 
small,  perhaps  five  km.  in  diemeter,  cyclonic  eddie  exists  at  position 
C.  Three  ship  wakes,  important  for  the  unambiguous  Joining  of  the 
frames,  are  aligned  in  a  southwest  to  northeast  line  and  are  narked  by 
position  D. 

Frame  80  was  taken  five  seconds  later  and  provides  a  slightly 
different  view  of  one  third  of  frame  79  as  well  as  containing 
new  area  (see  Fig.  5).  Here  the  calm  sea  conditions  present  in  the 
first  image  are  confirmed  and  the  existence  of  another  cyclonic 


Figure  5  STS  41-G  Sun  Glint  Inage  S17-38-80  8  Oct.  1984  13*12:57  GMT 


subaasoscalt  cddi*  cantered  thirty-five  n*a.  east  of  the  freae  79*s  Is 
seen*  position  E.  This  iaege  contains  ell  of  the  features  designated  in 
the  previous  fraae.  Position  ?,  approxiaately  seventy  n.a.  east 
southeast  of  Capo  de  Gate  narks  a  frontal  boundary  and  shear  zone*  The 
lateral  displacenent  of  the  wakes  and  slick  patterns  across  the  front 
coupled  with  the  cyclonic  subaesoscale  eddy,  position  E,  infer  that  a 
relative  novenent  has  occured  there*  This  shear  zone  then  is  a  result 
of  water  aass  flow  in  a  north  south  direction*  Position  6  narks 
another  cyclonic  eddie  which  appears  to  be  part  of  a  series  of 
eddies  aligned  along  a  northwest  to  southeast  line*  Position  H 
nay  nark  a  different  water  ness  fron  that  which  lies  to  the  west* 
The  surface  texture  change  here  nay  be  the  result  of  a  relative 
difference  in  adjacent  atnosphere  and  sea  surface  tenperatures* 

Frane  81,  although  covering  no  unique  area,  serves  to  connect  franes 
80  and  82  and  provides  a  different  view  of  sone  of  the  features  in  those 
inages  (see  Fig*  6)*  The  water  nass  narked  as  B  on  franes  79  and  80  is 
seen  as  well  as  the  eddies  E  and  G*  The  large  frontal  shear  zone, 
positions  F  and  H,  as  seen  on  frane  80  is  seen  here  in  aiore  detail  and 
its  inportance,  at  least  in  size,  is  eonfimed*  The  sun's  specular 
reflection  is  centered  on  the  lower  right  edge  of  the  photograph, 
position  1,  snd  illuninates  a  triangular  region  of  the  inage*  East  of 
position  H  the  sea  surface  exhibits  "tufting,"  a  discontinuous  sun  glint 
pattern*  This  may  be  the  result  of  atmospheric  forcing,  i*e.,  wind, 
driven  by  a  relative  low  atmospheric  pressure  over  warmer  water  on  the 
right  side  of  the  image  marked  by  position  J,  or  turbulent  mixing 
associated  with  the  marine  boundary  layer*  This  would  result  from  the 


surface  water  tenperature  being  in  excess  of  the  overlying  air 
tenperature. 


The  final  iaage  ,  fraae  82,  subatantiates  tha  indications  of  the 
previous  one  and  essentially  shows  idiat  appears  to  be  a  front  on  its 
lower  half,  poaition  I  (see  Fig.  7).  The  frontal  shear  zone  which 
is  also  indicated  on  frames  80  and  81  and  runs  essentially  in  a  north 
sooth  direction,  positions  F  and  H,  has  a  location  and  alignment 
that  suggests  the  Almaria  front.  Its  location,  as  measured  from  the 
photos  overlayed  as  a  mosaic,  is  approximately  seventy  n.m.  east 
southeast  of  Capo  de  Gate.  The  ''tufting'*  pattern  noted  on  frame  81  is 
shown  to  be  a  large  and  homogeneous  surface  field,  position  J. 

As  with  all  of  these  images  many  store  features  exist  but  an 
investigation  of  their  individual  importance  exceeds  the  scope  of  this 
work. 


C.  NOAA-7  AVHRR  INFRARED  IMAGES 

Five  MOAA-7  AVHRR  infrared  images  were  used  in  the  study.  The 
October  7  image  clearly  shows  the  Almaria  front,  position  B,  which  is 
seen  as  a  north  south  aligned,  cooler  region  of  water  with  some 
submesoscale  eddies  formed  along  its  length  (see  Fig.  8).  The  front 
is  displaced  a  little  to  the  east  of  Capo  de  Gate.  On  either  side  of 
this  feature  warmer  surface  temperatures  are  recorded.  This  cool  Jet  is 
seen  to  have  a  flow  pattern  which  reaches  all  the  way  to  the  North 
African  coast.  The  Alboran  Gyre  is  also  very  evident  east  of  Gibraltar, 
position  A.  The  resolution  for  the  NOAA-7  iisages  is  approximately  1 
kilometer  at  nadir  and  in  this  data  set  they  are  registered  to  a 
Mercator  projection. 


ii 


Figure  8  N0AA<-7  AVHRR  IR  Vestem  Hedlterraneen  7  Oct.  1984 
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On  8  October  high,  thin  cirrus  clouds  prevented  useful  infrsred 
iasging  of  the  see  surfsce  (see  Pig*  9).  Interestingly  though,  the 
shuttle  insges,  taken  in  the  visible  bend,  do  not  show  this;  they  sppesr 
very  deer.  In  feet  Mr.  Power's  flight  notes  indicate  that  the 
Mediterranean  was  free  of  clouds  in  this  area  at  this  time  [Ref.  12]. 

The  9  October  image  only  resolves  the  Alboran  Gyre,  position  A. 
Heavy  clouding  to  the  east  prevented  the  Almaria  Frontal  region's 
surface  temperature  signal  to  be  registered  (see  Fig.  10).  The  Alboran 
Gyre  is  clearly  seen  but  temperature  gradients  across  it  seem  to  very 
less  than  on  the  7  October  image. 

The  10  October  infrared  image  indicates  a  well  defined  Alboran  Gyre, 
position  A,  (see  Fig.  11).  Cool  Atlantic  water  seems  to  hug  the  Spanish 
Coast  and  the  Almaria  Front,  position  B,  is  displaced  to  the  east  as  on 
the  7  October  image*  By  using  the  geographical  reference  points 
superimposed  on  the  image,  a  temperature  discontinuity  is  evident 
seventy  n.m.  east  southeast  of  Capo  de  Gata,  position  F.  Its  position 
and  conformation  natch  the  frontal  shear  zone  marked  by  positions  F  and 
H  on  the  sun  glint  images.  The  greatest  grey  shade  difference  on  the  IR 
image  in  this  region  represents  a  variation  in  sea  surface  temperatures 
between  seventeen  and  twenty~two  degrees  Celclus  as  reported  from  ships 
in  the  area.  Some  clouds  are  evident  in  the  extreme  right  hand  side  of 
the  image  and  their  existence  and  extent  are  confirmed  in  the  MOAA-7 
channel  2  visible  image  of  the  area. 

On  11  October  the  entire  Alboran  Sea  was  clear  of  any  significant 
cloud  cover  (see  Fig.  12).  This  image  shows  all  of  the  oceanographic 
features  previously  discussed  including  the  Almaria  Front.  Comparing 


this  lasgs  with  7  October's  ws  sss  ths  Almsrls  Front  to  bo  such  brosdor 


In  its  cost  to  west  extent.  It  is  elso  interesting  to  see  how  it  hes 
ehsnged  iron  the  previous  dsy  of  10  October.  However  the  teapersture 
discontinuity  loceted  seventy  n.n.  east  southesst  of  Cspo  de  Gets  is 
still  evident,  position  F. 

D.  AXBT  THERHAL  PROFILING 

On  10  October  fortynine  AXBTs  buoys  were  pieced  ecross  the  Almaris 
Front  using  s  O.S.  Nevy  P«3C  entisuteerine  werfere  (ASV)  eirersft.  The 
geogrephlcel  locations  of  the  buoys  were  fixed  using  the  aircraft's 
onboard  tactical  navigation  systen,  which  has  a  noalnal  radial  accuracy 
of  one  n.a.  Location  of  the  surface  nanifestation  of  the  front  was 
deteminad  froa  the  aircraft  using  Forward  Looking  Infrared  or  FLIR. 
Two,  essentially  parallel,  lines  of  buoys  where  dropped  at  ten  n.a. 
intervals  between  the  buoys  snd  approxiaately  fifteen  n.a.  between  the 
lines.  The  pattern  was  aligned  in  a  southwest  to  northeast  direction 
which  is  perpendicular  to  the  Alaaria  Front  (see  Fig.  13).  By  plotting 
depths  of  specific  teaperatures  against  their  geographical  position, 
l.s.,  transects,  it  is  possible  to  detemine  if  any  teaperature 
discontinuities  exist  at  the  resolution  afforded  by  the  buoy  separation 
(see  Fig.  14).  Coaparing  Figures  13  and  14  clearly  illustrates  that  a 
teaperature  fine  structure  does  exist  at  this  level  of  resolution. 

Buoys  one  through  seven  indicate  e  draaatic  decrease  in  the  depth  of 
the  seasonal  themocline  and  loss  of  the  nixed  layer.  Buoys  eight 
through  nineteen  essentially  aaintain  the  saae  seasonal  themocline 
depth,  however  soae  fine  structural  dynaaics  are  apparent  near  the 
surface;  perhaps  resulting  froa  interleaving  of  nixed  watemasses  at  a 
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frontal  boundary.  Buoya  nlna  and  aevantaan  also  nark  raastablishnent  of 
tha  dapth  and  tanparatura  of  tha  nlxad  layar  of  tha  raglon. 

Buoys  twanty-thraa  through  tuanty-savan  also  aadiibit  a  dacraasa  in 
tha  saasonal  tharaoclina  in  nueh  tha  aana  way  as  idiat  appaarad  in  tha 
nora  southarly  buoy  lina  with  tha  axeaption  that  it  is  skawad 
approxiaataly  tan  n.n.  to  tha  wast.  Tha  rast  of  tha  raeord  indicatas  a 
ralativaly  hoowganaous  watar  nass  to  tha  aast  with  a  nixad  layar  of 
about  forty  naters  in  dapth  and  batwaan  twanty  and  twanty-ona  dagraas 
Calsius  in  tanparatura. 

Thraa  of  tha  thirty-four  buoya  usad  in  tha  study  wars  assunad  to  bo 
anomalous.  If  a  buoy's  profila  diffarad  radically  froa  its  naighbors 
and  tha  othar  data  sata  did  not  support  such  a  dapartura  than  that  buoy 
was  not  ineludad  in  tha  transact.  Additionally  if  an  individual  buoy's 
tanparatura  varsas  dapth  profila  showad  anomalous  tanparatura 
fluctuations  indicativa  of  wira  braaks  or  insulation  laakaga  it  was 

t 

discardad.  Tha  othar  AXBTs  daployad  on  10  Octobar  wara  too  far  ranovad 
fron  tha  area  resolved  by  tha  sun  glint  inagas  to  be  useful  in  this 
correlation  study. 


Th«  following  was  sxtxaetad  froa  archival  data  provided  by  the 
Fleet  Muaerieal  Oceanographic  Center  Monterey,  California.  It  was  used 
to  help  substsntiate  the  surface  conditions  of  the  area  iaaged.  At 
aidnlght  Greenwich  Mean  Tiae  (GMT)  on  8  October  the  winds  south  of  Capo 
de  Gata  were  froa  the  north  to  northeast  at  ten  to  fifteen  knots. 
Reports  froa  ships  in  the  area  indicate  clear  to  scattered  cloud  cover, 
seas  cala  to  one  aeter  in  height  and  sea  surface  teaperatures  (SST)  in 
the  tvmatf  degree  Celsius  range.  Mo  significant  ataospheric  disturbances 
were  recorded.  It  is  iaportant  to  note  that  one  ship  in  the  region 
recorded  an  SST  of  seventeen  degrees.  At  1200  GMT  on  the  saae  day  the 
wind  pattern  was  little  changed,  however  a  few  hours  later  reports  of 
increesing  cloudiness  were  recorded.  SSTs  reported  ranged  between 
seventeen  and  twenty- two  degrees. 

At  aidnlght  GMT  9  October  winds  were  northeasterly  to  easterly  and 
had  subsided  to  ten  knots.  Area  ship  reports  indiceted  cloud  cover 
increesing  to  5/8  coverage  with  weve  heights  of  one  meter.  By  1200  GMT 
cloud  coverage  bed  increased  to  6/8  in  the  aree  with  little  chenge  in 
reported  wind  direction,  speed  or  weve  height. 

At  aidnlght  GMT  10  October  ships  in  the  area  reported  2/8  to  6/8 
cloud  cover  with  winds  froa  the  north  northeast  st  8  to  17  knots.  Wave 
heights  were  reported  at  one  aeter.  By  1200  GMT  nost  ships  in  the  area 
reported  reduced  clouding  of  2/8  coverage.  The  SSTs  reported  also  showed 


V.  RESULTS  AND  CONCLUSIONS 


A.  CORRELATION  OF  DATA 

The  north-south  aligned  frontal  feature,  marked  as  H  and  F  on 
Figures  5,  6,  7  match  very  closely  in  position  and  character  the  Almaria 
Front  imaged  by  NOAA-7  on  7  October  (Fig*  8).  Both  are  in  the  same 
geographical  position,  seventy  n.m.  east  southeast  of  Capo  de  Gata,  and 
their  conformation  which  runs  linearly  north  to  south  is  similar. 

Although  the  NOAA-7  infrared  image  taken  on  10  October,  Figure  11, 
is  temporally  separated  from  the  shuttle  imeges,  by  two  days,  it  is 
important  in  establishing  the  validity  of  using  the  infrared  as  "ground 
truth"  and  to  connect  the  7  October  infrared  image  with  the  8  October 
shuttle  images*  The  position  of  the  front  on  10  October  as  determined 
by  the  AXBTs  match  very  closely  its  position  on  the  Infrared  image  taken 
on  the  sane  day*  Figure  15  is  an  area  enlargement  of  the  10  October  IR 
image  with  the  AXBT  positions  superimposed  on  it*  By  comparing  Figures 
14  and  15  a  good  correlation  of  this  data  set  results*  Additionally 
this  feature  is  in  the  same  positon  as  the  frontal  shear  zone  in  the  sun 
glint  record  (Figs*  5,6,  and  7)*  The  Almaria  Front,  as  imaged  by  NOAA-7 
on  10  October,  is  located  at  the  sene  place  as  on  the  7  October  NOAA-7 
image*  The  details  of  the  circulation  around  the  front  have  changed  but 
the  general  location  of  it  has  not* 

Based  on  the  Almaria  Front's  location  on  7  October  and  its 
persistence  at  the  sane  location  on  10  October,  it  is  reasonable  to 
extrapolate  for  it  being  in  the  same  location  on  8  October  the  day  of 


the  shuttle  sun  glint  pictures.  Cereful  enely^sis  of  the  sun  glint 
series  results  in  concluding  that  there  is  only  one  vertical  front 
imaged  and  its  position  correlates  very  veil  with  the  front  in  the 
infrared  images  of  NOAA-7. 


B.  CONCLUSION 

Sun  glint  images  can  be  used  to  accurately  position  and  characterize 
the  surface  manifestation  of  oceanic  frontal  boundaries.  In  this  case 
the  frontal  boundary  included  a  significant  change  in  both  the  mixed 
layer  and  seasonal  thermocllne.  The  data  correlated  well,  within  the 
limitations  imposed  by  the  analysis.  As  a  result,  these  sun  glint 
images  could  have  been  used  to  infer  directly  that  an  acoustically 
important  discontinuity  existed  -at  the  position  of  the  frontal  shear 
zone  recorded  on  the  shuttle  sun  glint  ioiages. 
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